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mHirayama disease is a benign, self-limiting cervical
myelopathy first brought to attention by Hirayama1
in 1959. During the past half century, researches
have established this disease as a new entity that
differs from motor neuron disease because of
spinal cord compression by the posterior dural
sac during neck flexion. Primarily affecting male
adolescents, it is clinically characterized by a pro-
gressive course of distal upper-limb muscular
weakness and atrophy, followed by a spontaneous
arrest within several years. Early recognition of the
disease allows early intervention, which has been
shown to stop disease progression. This article
reviews the clinical presentation, pathophysiology,
image findings, and treatment ofHirayamadisease,
because a thorough understanding of the disease
is essential for early recognition and treatment.
In 1959, Hirayama and colleagues2 published 12
cases distinguishing a new clinical entity from what
was originally thought to be a type of progressive
and degenerative motor neuron disease. The term
“juvenile muscular atrophy of unilateral upper ex-
tremity” was applied. This new clinical entity was
further consolidated by following reports of 20 pat-
ients in 19633 and 38 patients in 1972.4 The patients
are generally in their teens and early twenties,
predominantly male, with insidious onset of weak-
ness and muscle wasting involving unilateral distal
upper limb, followedbyvariableperiodofprogression
and spontaneous arrest within several years.
Since then, there have been many reports of
Hirayama disease, mostly from Japan and other
Asian countries, as well as few from other coun-
tries.5–7 However, early reports in the 1960s and
1970semphasizedclinical features andelectrophys-
iological evaluations. It was not until 1982 that the
first autopsy case was obtained by Hirayama andThe authors report no conflict of interest.
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tening of the lower cervical cord associated with
ischemic and atrophic changes of the anterior horn
cells. Pathologic evidence of focal ischemic cervical
poliomyelopathy of the disease prompted neurora-
diologic investigation in searchof the anatomic path-
ophysiology of the spinal cord and canal. Earlier
studies were conducted using myelography and CT
myelograpy.10,11 Since MR imaging equipment be-
came available and widely accessible in the late
1980s,11–15 several publications have provided valu-
able findings in neck-flexion and neutral-positionMR
imaging of the cervical spine that have assisted the
diagnosis of this disease. Imaging findings revealed
dynamic changes of the cervical spine, spinal canal,
and spinal cord during neck flexion, mainly in the
forwarddisplacement of posterior dural sac, causing
anterior-posterior flattening and asymmetric atrophy
of the lower cervical cord, which corresponded with
the pathologic findings.
Several names have been used in publications
to describe this disease, including benign juvenile
brachial spinal muscular atrophy, juvenile asym-
metric segmental spinal muscular atrophy, juvenile
muscular atrophy of the distal upper extremity,
monomelic amyotrophy, and oblique amyotro-
phy.1,5,9,16,17 Hirayama disease is still the most
commonly used named throughout publications
in neurology and neuroradiology, as well as related
fields.DEMOGRAPHICS
Hirayama disease occurs mainly in people in
their teens and early twenties with a significant
male predominance. The mean age of onset
ranges from 15 to 20 years of age in differenttal, Taipei Medical University, No. 291 Jhong-Jheng
ublic of China
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Fig. 1. Photograph of a 19-year-old man, note the
wasting of first dorsal interosseous (curved arrow)
and other small muscles of the hand with preservation
of brachioradialis muscles (straight arrow) giving an
appearance of oblique amyotrophy. (From Pradhan
S. Bilaterally symmetric form of Hirayama disease.
Neurology 2009;72:2083–9; with permission.)
Huang & Chen940studies.5–7,17–21 The degree of male preponder-
ance reported in large series ranged from purely
male to a male/female ratio of 2.8:1.6,22,23 A delay
of age of onset after the peak age of normal growth
curve was observed in several studies.5–7 Hiraya-
ma5 observed that the peak of onset age is
approximately 2 years later than the peak of longi-
tudinal growth curve of juveniles in Japan. Based
on this finding, Hirayama1,5 speculated that
disproportional growth between the vertebral
column and the contents of the spinal canal, espe-
cially the dural sac, during the juvenile growth
spurt underlies this phenomenon. Tashiro and
colleagues24 suggested that the difference in the
male and female incidence of the disease could
be explained by a more rapid increase in height
of males at puberty compared with females.
Hirayama disease is nonfamilial in most patients.
There are, however, a few reports of familial cases.
Nine familial cases have been reported in the
English literature.25 So far, there are no published
reports regarding genetics information that maybe
related to familial Hirayama disease. The explana-
tion for the familial occurrence is indeed interesting
and needs further studies.
As Hirayama disease became more recognized,
several cases and large series have accumulated.
There are an exceedingly large number of cases in
Japan and more cases reported from other Asian
countries in the past 3 decades, particularly in
China, Taiwan, Malaysia, India, and Sri Lanka,
but relatively fewer cases from Europe and North
America.5–7 Whether there might be an ethnic
factor in this disorder is still unclear.CLINICAL FEATURES OF HIRAYAMA DISEASE
Patients with Hirayama disease present with insid-
ious onset and slow progression of muscle weak-
ness and muscular atrophy of the distal upper
limb, including thenar, hypothenar, interossei
muscles, and wrist flexors and extensors, with
sparing of brachioradialis muscles (Fig. 1). The
border of muscular atrophy runs obliquely over
the volar and dorsal surfaces of the forearm, there-
fore it is also referred to as oblique amyotrophy.4
Both extensor and flexor muscles of the fingers
and wrists are involved, particularly the finger
extensors and wrist flexors. Some investigators re-
ported asymmetric atrophy was more severe on
the ulnar than the radial side in the flexor and
extensor compartments.7,16 The phenomenon of
cold paresis is widely observed in the patients,
characterized by exacerbating of finger weakness
on exposure to cold environment.5,6 Kijima and
colleagues26 proposed that this is caused by
conduction block of the muscle fiber membranein reinnervated muscles after active denervation.
When cold paresis is induced, compound muscle
action potentials show delayed latencies and
decreased amplitude after high-frequency repeti-
tive nerve stimulation. Resting fasciculation is not
observed, but contraction fasciculation is well
documented.7,27,28 It is characterized by fascicular
twitching in the extensor side of forearm muscles
or tremor-like movement of the fingers during
stretching. Fatigue is the most common symptom
(33%), followed by cold paresis, atrophy, and
tremor.29 Although most patients reported ab-
sence of subjective or objective sensory distur-
bances, a few patients show slight hypoesthesia
in a localized area of the hand.5,6,30 The muscle
stretch reflexes of the arms and legs are within
normal range. There are no accompanying neuro-
logic symptoms such as cranial nerve involve-
ment, pyramidal signs, sensory disturbance, and
urinary disturbance. Muscle biopsy and needle
electromyography show denervation of the atro-
phied muscles.5,27 Nerve conduction velocity and
analysis of the cerebrospinal fluid are almost
normal.
Patients with Hirayama disease commonly show
initial unilateral monomelic atrophy, but it is asym-
metrically bilateral in some and, occasionally,
symmetric.5 The right upper limb is more fre-
quently involved in Hirayama disease, regardless
of the handedness.3,19,23,30 Huang and col-
leagues6 reported more conspicuous manifesta-
tion in right upper limb with a right/left ratio of
3:1. Often, the disease progressed to involve the
other side in an asymmetric manner.6,16 A bilateral
symmetric form of Hirayama disease has occa-
sionally been reported. The incidence was 3.1%
by a National Japan Survey24 and 10% by Prad-
han,31 who reported 11 cases of bilateral involve-
ment in a series of 106 patients. He proposed
that the “bilateral symmetric Hirayama disease”
is a more severe variant of Hirayama disease
based on more severe and significant clinical and
Hirayama Disease 941MR imaging findings. In his series, patients with
bilateral involvement showed wider range of
involvement, including partial involvement of bra-
chioradialis and biceps brachii. The patients had
significant weakness of the forearm and small
muscles of the hands; required assistance in daily
activities, such as buttoning clothes, holding
spoons, and combing hair; had autonomic
dysfunction, such as excessive sweating in the
hands and cold extremities; and had occasional
brisk deep tendon reflexes in the lower limbs.25
In patients with bilateral involvement, two patterns
of progression from one upper limb to the other
were observed. The first was that muscle symp-
toms developed in the other arm during pro-
gression of the initial involved arm (with about a
1-year delay in onset). The second was that mus-
cle symptoms developed approximately 2.5 years
after cessation of progression in the first arm.6
The disease follows a progressive course for
a variation of period, with spontaneous arrest
within several years. Symptoms generally prog-
ress for 2 to 4 years after onset. The duration of
progression varies widely, ranging from 16.8 to
73.2 monthes.17–23 Progression of the disease
ceased within 5 years in most patients (around
90%).6,7 Early arrest of the progression is essential
for any possibility of improvement.5,27Fig. 2. Transversesectionsofcervical spinalcord.Anterior-
posterior shrinkage of bilateral anterior horns, most
severely at C7 and C8, predominantly on the left. (From
Hirayama K. Juvenile muscular atrophy of distal upper
extremity (Hirayamadisease): focal cervical ischemicpolio-
myelopathy. Neurology 2000;20:S92; with permission.)PATHOPHYSIOLOGY
Pathologic study of this disease was not available
until 1982 owing to its benign course. Before
neuropathology, there were strenuous debates
about whether the disease could be classified as
a new disease entity. Some investigators consid-
ered the illness to be a variant of degenerative
motor neuron disease, traumatic injury of the
cervical spinal cord, prolonged survival of acute
anterior poliomyelitis, or syringomyelia localized
in the anterior horn, in addition to other diseases.9
The autopsy case9 was a 38 year-old patient
who experienced left distal upper limb muscular
atrophy and weakness associated with cold
paresis and fine tremor starting at the age of 15.
The symptoms progressed for approximately 1
year before spontaneous arrest. Thereafter, the
symptom remained unchanged until the age of
38 when he was diagnosed with lung cancer and
died 3 months later. Gross pathology showed
evident anterior-posterior flattening of the cervical
cord, particularly at C7 and C8. Microscopically,
bilateral anterior horns were reduced to less than
half of the normal anterior-posterior diameter,
most severely at C7 and C8, and predominantly
on the left side, corresponding with the patient’s
clinical symptoms (Fig. 2). The anterior hornlesions were characterized by central necrosis
without cavity formation, decrease in the number
of large and small nerve cells in the periphery
with degenerative changes, and mild astrogliosis
without macrophage infiltration. There were no
abnormal vascular proliferations or amyloid depo-
sition. The posterior horns, posterior roots, white
matter, and the intra medullary and extramedullary
vessels were normal. There were no metastatic or
spondylolytic changes of the cervical vertebrae
and cord. Loss of large and small neurons,
a weak gliosis, and central necrosis of the anterior
horn were not supportive of degenerative motor
neuron disease or other diseases proposed before
neuropathology. Hirayama9 concluded that the
changes could be ischemic in origin.
In combination with clinical symptoms, the
neuropathological finding of ischemic change of
the anterior horn resembles another ischemic
Huang & Chen942neuronaldisease, te´phromalacie ante´rieure (anterior
tephromalacia).9 Reported by Marie and Foix in
1912,32 te´phromalacie ante´rieure consist of anterior
horn infarction of lower cervical cord from occlusion
of the spinal arteritis due to syphilitic arteritis or
arteriosclerosis. Clinically, te´phromalacie ante´rieure
also showsmuscular wasting restricted to the distal
upper limbs, but inmiddle-aged or elderly people. In
1969, after a study of spinal cordof the aged, Lapre-
sle33 reported that the anterior horn, particularly the
neurons in its central portion, was the most vulner-
able to ischemia.33 Although the mechanisms of
cervical cordanteriorhorndamagemaybedifferent,
both clinical and pathologic findings suggested
a similar pathogenesis between the two diseases
owing to circulatory insufficiency of the anteriorFig. 3. A 21-year-old man with slowly progressive weakne
sagittal T2-weighted MR image (3000/100/2) shows focal co
the dural canal is in close contact with the spinal canal. (
reveals atrophy at C7 level, more prominent at right an
T2-weighted MR image (3000/100/2) shows forward displa
C3 (short arrows), which causes marked flattening of th
posterior to the shifting dura matter is noted, with sma
enhanced flexion sagittal T1-weighted MR image (530/12
this epidural mass (arrow). (E) Contrast-enhanced nonflex
disappearance of the posterior dural mass and recovery ohorns of lower cervical cord.9 The name focal
ischemic cervical poliomyelopathy was given for
diseases with similar pathologic finding of anterior
horn ischemia.
After the publication of the first autopsy case of
Hirayama disease, the neuropathological findings
of ischemic cervical poliomyelopathy encouraged
neuroradiologic investigations of the interior
changes in the spinal canal. Imaging studies re-
vealed dynamic changes of the spinal cord and
dural sac during anterior flexion of the neck in
patients with Hirayama disease (Fig. 3). These find-
ings include overstretch of the cord, forward
displacement of the posterior dural sac, and asym-
metric compression and anterior-posterior flattening
of the lower cervical cord (see later discussion onss and atrophy of hands and forearms. (A) Nonflexion
rd atrophy at the C5 to C7 levels. The posterior wall of
B) Nonflexion axial T2-weighted MR image (542/16/2)
terior aspect of the cord (arrow). (C) Flexion sagittal
cement of the posterior wall of the dural canal below
e lower cervical cord. An epidural mass (long arrow)
ll curvilinear flow void signals inside it. (D) Contrast-
/2) shows strong and homogeneous enhancement of
ion sagittal T1-weighted MR image (530/12/2), shows
f the shifting dura matter to its normal position.
Hirayama Disease 943more detailed image findings).10,16,34,35 The dural
displacement decreases gradually with increasing
age,which also correspondswell with the duration
and clinical course of the disease. These dynamic
changes are unequivocal findings confined to
early, progressive stage of the disease. The
absence of forward displacement of the dural
sac and cord compression in elderly patients
whose disease had arrested suggested that
this dynamic compression has a pathogenetic
significance.5,9
Although the cause of Hirayama disease is
unknown, several mechanisms were proposed.
Hirayama5 suggested that a disproportional
growth between the vertebral column and the
contents of the spinal canal, especially the dural
sac, during the juvenile growth spurt lead to the
preponderance for the adolescent population.
Although the disproportional growth theory may
explain the findings of forward dural sac displace-
ment, asymmetric cord involvement cannot be ex-
plained with this theory alone. A “posterior
epidural ligament factor” was proposed by Shino-
miya and colleagues.36 Anatomically, there are
two kinds of posterior epidural ligaments between
the posterior dura matter and the ligamentum fla-
vum. One consists of fine elastic ligaments and
the other consists of large ligaments (approxi-
mately 1–3 mm in diameter). These ligaments
have a tendency to be abundant at C1 through
C2, decreased below C2, and sparse at C6 and
C7.37 It has been assumed that these ligaments
may contribute to resistance against the sep-
aration of the posterior dura matter from the liga-
mentum flavum. Unequal distribution or lack of
these ligaments may be the essential cause of
asymmetric cord compression. Tashiro and col-
leagues24 proposed that the male prevalence is
explained by a more rapid growth spurt during
puberty in males. Strenuous exercise of the arms
in sports or activities that requires sustained or
repeated neck flexions, such as writing at a desk
or playing a musical instrument, were frequently
noted in patients.5,22,38 Biondi and colleagues23
also speculated that repeated subclinical cervical
trauma is a cause of chronic microcirculatory
disturbances during strenuous physical activities.
Elevated serum total immunoglobulin E level (hy-
perIgEaemia) had also been postulated to be
a precipitating factor in Hirayama disease.39,40IMAGING WORK-UP AND FINDINGS
In patients with Hirayama disease, conventional
radiographic findings of the cervical spine usually
show no specific abnormalities other than straight
alignment or scoliosis.13 Although myelographycan confirm the forwardmovement of the posterior
dural wall during neck flexion, this examination is
difficult to perform because it is not easy to retain
the contrast medium in the cervical subarachnoid
space when the neck is flexed, regardless of
whether the patient is in a prone, supine, or decu-
bitus position.34 As MR imaging became more
accessible in late 1980s, images in neck flexion
and neutral position revealed valuable information
and provided a better understanding of the
dynamic nature in Hirayama disease.Neck-flexion MR Imaging
Neck-flexion MR imaging can clearly depict
forward displacement of the posterior wall of the
lower cervical dural sac (see Fig. 3C), which is
the hallmark and primary pathogenetic mecha-
nism of Hirayama disease. The shifting dura,
then, compresses the lower cervical spinal cord,
usually asymmetrically (see Fig. 3B). Kikuchi and
colleagues15 explained the mechanism of anteri-
orly displaced dural canal as a tight dural canal
caused by a disproportional length between the
vertebrae and the dural canal during flexion.
Chen and colleagues34 explain this phenomenon
as follows. The spinal dura matter is a loose sheath
that is anchored in the vertebral canal by the nerve
roots and by attachment to the periosteum in two
places: one at the foramenmagnum and the dorsal
surfaces of C2 and C3, and another at the
coccyx.41 The remainder of the dura matter is
only suspended and cushioned in the spinal canal
by the epidural fat, venous plexus, and loose
connective tissues.41 During neck extension, the
dura matter of the cervical spine is slack and
thrown into accordion-like transverse folds.42
During neck flexion, the dura tightens as the length
of the cervical canal increases while the neck
moves from extension to flexion. The difference
in length between extension and flexion from T1
to top of the atlas is 1.5 cm at the anterior wall
and 5 cm at the posterior wall.42 Normally, the
slack of the dura can compensate for the
increased length during flexion. Therefore,
although it smoothes out, the dura remains in
close contact with the walls of the spinal canal
without anterior displacement. In Hirayama
disease, the dural canal is no longer slack in exten-
sion because of the imbalance in growth of the
vertebrae and the dura matter, which cannot
compensate for the increased length of the poste-
rior wall during flexion, resulting in a tight dural
canal. This causes anterior shifting of the posterior
dural wall, and consequently compresses the
spinal cord. Chronic compression may cause
microcirculatory disturbances in the territory of
Huang & Chen944the anterior spinal artery or in the anterior portion
of the spinal cord, which eventually lead to
ischemia and necrosis of the anterior horns, as
mentioned in the pathophysiology section above.
In association with anterior displacement of
posterior dural wall, neck-flexion MR imaging
also shows a well-enhanced, crescent-shaped
mass in the epidural space of the lower cervical
canal with small curvilinear flow-void signals inside
it (see Fig. 3C, D). This mass vanishes as the neck
returns to the neutral position, suggesting that the
mass represent congestion of the posterior
internal vertebral venous plexus rather than
vascular malformation or tumors (see Fig. 3E).
The flow-void signals inside the crescent-shaped
mass indicate the dilated venous plexuses, which
was further confirmed by Elsheikh and col-
leagues43 using epidural venography. Some path-
ophysiologic factors are responsible for the
engorged venous plexus. First, the negative pres-
sure in the posterior spinal canal resulting from
anterior shifting of the dural canal increases the
flow to the posterior internal vertebral venous
plexus.44 Second, simultaneously, the anteriorly
displaced dural canal compresses the anterior
internal vertebral venous plexus and increases
the burden of the posterior internal vertebral
venous plexus.34 Third, the posture of neck flexion
decreases the venous drainage from internal
vertebral venous plexus to the jugular veins.44 In
combination, these factors cause the engorge-
ment of posterior internal vertebral venous plexus,Table 1
Sensitivity, specificity, accuracy, positive predictive v
position MR imaging findings in diagnosis of Hiraya
MR Imaging Finding Sensitivity (%) Specificity (
Localized cord
atrophy
58.7
(43.2, 73.0)
100
Asymmetric cord
flattening
69.6
(54.2, 82.3)
100
LOA 93.5
(82.1, 98.6)
98.0
(89.6, 99.
Abnormal cervical
curvature
82.6
(68.6, 92.2)
47.1
(32.9, 61.
Noncompressed
intramedullary
high-signal intensity
on T2-weighted
MR images
28.3
(16.0, 43.5)
96.1
(86.5, 99.
Data are percentages. Numbers in parentheses are 95% confidwhich also became a striking and characteristic
imaging finding of Hirayama disease.Neutral-position MR Imaging
Despite the characteristic findings on neck-flexion
MR imaging, findings on nonflexion neutral-
position MR imaging is equally important. The
ability to identify abnormalities on routine neutral
position MR imaging studies by neuroradiologists
can increase the detection rate of Hirayama
disease. Chen and colleagues35 investigated the
sensitivity and specificity of these neutral-position
MR imaging findings in patients with Hirayama
disease (Table 1). These include abnormal cervical
curvature, loss of attachment (LOA) between the
posterior dural sac and subjacent lamina, localized
lower cervical cord atrophy, asymmetric cord flat-
tening, and noncompressed intramedullary high-
signal intensity on T2-weighted MR images.
Loss of normal cervical lordosis with straight or
kyphotic cervical spine alignment is a nonspecific
but common finding in patients with Hirayama
disease.13,16,35 According to the principles sug-
gested by Guigui and colleagues45 and Batzdorf
and Batzdorff,46 cervical curvature can be
measured by a line drawn from the dorsocaudal
aspect of the C2 vertebral body to the dorsocaudal
aspect of the C7 vertebral body and the relation-
ship of the dorsal aspect of the C3 to C6 vertebral
body with this line (Fig. 4). In normal lordotic
cervical curvature, no part of the dorsal aspect ofalue, and negative predictive value of neutral-
ma disease
%) Accuracy (%)
Positive
Predictive
Value (%)
Negative
Predictive
Value (%)
80.4
(71.1, 87.8)
100 72.9
(60.9, 82.8)
85.6
(77.0, 91.9)
100 78.5
(66.5, 87.7)
9)
95.9
(89.8, 98.9)
97.7
(88.0, 99.9)
94.3
(84.3, 98.8)
5)
63.9
(53.5, 73.4)
58.5
(45.6, 70.6)
75.0
(56.6, 88.5)
5)
63.9
(53.5, 73.4)
86.7
(59.5, 98.3)
59.8
(48.3, 70.4)
ence intervals.
Fig. 4. (A) Sagittal fast-spin-echo T2-weighted MR image (4133/85) in a 17-year-old male control subject. (B)
Sagittal fast-spine-echo T2-weighted MR image (3250/9103) in a 17-year-old male patient with slowly progressive
weakness and atrophy of the left hand and forearm. Cervical curvature is measured according to the relationship
of the dorsal aspect of the vertebral bodies C3 through C6 to a line drawn from the dorsocaudal aspect of the
vertebral body C2 to the dorsocaudal aspect of the vertebral body C7 (black line in A, white line in B). By defi-
nition, normal lordotic cervical curvature is curvature in which no part of the dorsal aspect of the vertebral bodies
C3 through C6 cross the line from C2 through C7 (A). An abnormal (straight or kyphotic) curvature is curvature in
which part or all of the dorsal aspects of the vertebral bodies C3 through C6 meet or cross that line (B). (From
Chen CJ, Hsu HL, Tseng YC, et al. Hirayama flexion myelopathy: neutral-position MR imaging findings—impor-
tance of loss of attachment. Radiology 2004;231:39–44; with permission.)
Hirayama Disease 945C3 to C6 vertebral body crosses the line drawn
from C2 to C7. In an abnormal straight or kyphotic
curvature, all or part of the dorsal aspect of C3 to
C6 meet or cross the line drawn from C2 to C7.
The LOA sign is the separation of the posterior
dural sac and subjacent lamina in the neutral posi-
tion possibly related to a tight dural sac (Fig. 5).
The sign is best evaluated on each side of the
lamina at the pedicular level of C4 through C6 on
axial T2*-weighted MR images. The degree of
separation between the posterior dural sac and
its subjacent lamina is evaluated within a range
defined medially by the point of junction with the
lamina and laterally by a tangential line along the
medial aspect of the pedicle. A separation of less
than 33.3% at all the observed segments was
considered normal, whereas a separation of
more than 33.3% at any of the observed segments
was considered significant for LOA.35 The LOA
sign, reported by Chen and colleagues,35 is aneffective finding in the diagnosis of Hirayama
disease with sensitivity and specificity of 93.5%
and 98%, respectively.
Localized lower cervical cord atrophy and
asymmetric cord flattening can be depicted on
axial and sagittal MR images, most commonly
found at the level of C4 to C7 (Figs. 6 and 7B).
Localized cord atrophy is defined as a decrease
in cord size in comparison with the normal cord
above and below the affected level.35 A note of
caution is to verify cord atrophy on sagittal MR
images with appropriate contiguous transverse
MR images because it is possible to make an erro-
neous interpretation of cord atrophy on sagittal
images if the spinal cord is not truly in the midline.
Asymmetric cord flattening can be evaluated most
accurately on T2*-weighted MR images, pre-
ferably cord flattening without a narrowed or ob-
literated adjacent subarachnoid space, as the
accuracy of this finding is greatly decreased if
Fig. 5. Transverse neutral-position T2*-weighted MR image (433/17, with 20 flip angle) at the pedicular level. (A)
Image in 20-year-old male control subject. (B) Image in an 18-year-old patient with Hirayama disease. The lamina,
defined medially by point of junction of lamina and laterally by tangential line along medial aspect of pedicle
(longest white line in A and B), is equally divided into three parts. Images show less than 33.3% LOA between
the posterior dural sac and subjacent lamina in a and more than 33.3% LOA in b. Asymmetrically bilateral
cord flattening (more severe on the right side) is also depicted in b. (From Chen CJ, Hsu HL, Tseng YC, et al. Hir-
ayama flexion myelopathy: neutral-position MR imaging findings—importance of loss of attachment. Radiology
2004;231:39–44; with permission.)
Huang & Chen946there is presence of adjacent spurs or herniated
discs. An elliptic spinal cord is considered normal,
a pear-shaped spinal cord is considered asym-
metric cord flattening, and a triangular spinal
cord is considered symmetric cord flattening.35
Noncompressed intramedullary high-signal
intensity on T2-weighted MR images in short
lengths of 1 to 3 spinal segments is also common
at the level of C4 to C7, corresponding with the site
of cord atrophy and asymmetric flattening (see
Fig. 7). Noncompressed intramedullary high-
signal intensity is only considered if the sur-
rounding subarachnoid space is patent because
intramedullary high-signal intensity associated
with cord compression could be due to the force
of adjacent spurs or herniated discs.35 On axial
images, these hyperdense signals are mainly
localized to bilateral anterior horns or anterior
and lateral horns of the gray matter. This abnor-
mality indicates either ischemia or gliosis, which
corresponds with the neuropathological finding
of ischemic cervical poliomyelopathy.31,35The recognition of these image findings on
neutral-positionMR imaging should raise suspicion
for Hirayama disease. An additional neck-flexion
MR imaging study should be arranged to confirm
this diagnosis.TREATMENT
Hirayama disease often occurs with vague initial
symptoms, leading to a delay in diagnosis. Though
Hirayama disease is self-limiting, early diagnosis is
still necessary because it has been shown that
early intervention can stop disease progres-
sion.5–7,27 If recognized early, conservative treat-
ment using cervical collar to avoid neck flexion
can alleviate muscle weakness, stop progression
of the disease in most patients, and even increase
of grip strength and improvement of cold paresis in
some patients.5,27 Application of a cervical collar
for 3 to 4 years is advised.27,47 Although some
patients could be expected to have a natural,
spontaneous arrest, the duration of progression
Fig. 6. Neutral-position MR images in a 24-year-old male patient with progressive bilateral weakness and
atrophy, which is greater on the right side than on the left, for 3 years. (A) Sagittal fast-spin-echo T2-weighted
image (4000/85) shows kyphotic cervical curvature, localized cord atrophy at C5 and C6 (arrowheads), and faint
noncompressed intramedullary high signal intensity at C5-6 disk (arrow). (B) Transverse T2*-weighted MR image
(433/17, with 20 flip angle) at pedicular level of C5 shows symmetric cord flattening and 100% LOA between the
posterior dural sac and subjacent lamina (arrows). (From Chen CJ, Hsu HL, Tseng YC, et al. Hirayama flexion
myelopathy: neutral-position MR imaging findings—importance of loss of attachment. Radiology 2004;231:
39–44; with permission.)
Hirayama Disease 947was significantly shorter in patients treated (mean
1.8  1.1 years) compared with untreated patients
(3.2  2.2 years).5 Decompressive surgery is indi-
cated only for patients with persistent neurologic
deficits and deterioration despite conservative
management. Spinal fusion and decompression
by surgical procedures are beneficial to the relief
of dynamic impairment and static compression.
Anterior stabilization of lower cervical vertebrae
with corpectomy, discectomy, and supplementedmetallic plate fixation, as well as posterior de-
compression with laminectomy and dural graft
augmentation procedures were applied and dis-
cussed.5,27,48,49 However, which route is superi-
or is still debatable. Remarkable arrest of the
natural progressive course by early intervention
further supported the pathogenetic hypothesis of
flexion-induced cervical ischemic poliomyelop-
athy because this clinical finding is most unlikely
in degenerative motor neuron disease.5,9
Fig. 7. Neutral-position MR images in 18-year-old male patient with progressive right hand and forearm weak-
ness and atrophy for 2 1/2 years. (A) Sagittal fast-spin-echo T2-weighted image (4000/85) shows normal cervical
curvature, localized cord atrophy (arrowheads), and noncompressed intramedullary high signal intensity (arrow).
(B) Transverse T2*-weighted MR image (433/17, with 20 flip angle) shows asymmetric cord flattening (on right
side) and nearly 100% LOA between the posterior dural sac and subjacent lamina. Intramedullary high signal
intensity (arrowhead) is depicted in right-sided gray matter. (C) Sagittal flexion fast-spin-echo T2-weighted image
(4000/85) shows anterior displacement of posterior dural sac (black arrows) and cord compression (white arrow).
(From Chen CJ, Hsu HL, Tseng YC, et al. Hirayama flexion myelopathy: neutral-position MR imaging findings–
Importance of loss of attachment. Radiology 2004;231:39–44; with permission.)
Huang & Chen948SUMMARY
Hirayama disease is a rare disease presented with
slow, progressive asymmetric muscular weakness
and atrophy of the distal upper limb predominantly
in young male patients, followed by spontaneous
arrest within 3 to 5 years. Through the years, this
disease has been well established as a new
disease entity separated from degenerative motor
neuron disease. Neuropathologic findings suggest
focal ischemic cervical poliomyelopathy localized
to anterior horn of the cervical spinal cord, charac-
terized by necrosis of anterior horn cells, de-
creased number of large and small nerve cells in
the periphery with degenerative changes, and
mild astrogliosis without macrophage infiltration.
Neuroradiologic investigations revealed compres-
sive flattening of the lower cervical cord due to
forward displacement of the cervical dural sac
during neck flexion. Although the underlying
causative mechanism remains unclear, these find-
ings together suggested flexion-induced cervicalmyelopathy leading to ischemic changes in the
anterior horn of cervical cord. Conservative treat-
ments using a neck collar or spinal fusion and
decompression by surgical procedures are tar-
geted to minimize neck flexion and prevent
progression of muscular weakness and atrophy.
Hirayama disease is a slow, progressive disease
that can have a good prognosis if detected and
intervened at an early stage of the disease process.
Therefore, early recognition of clinical features, as
well as suspicious findings on neutral-position
MR imaging, should raise suspicion of the disease;
and an additional neck-flexion MR imaging study
should be arranged to confirm the diagnosis.
Although Hirayama disease is more commonly re-
ported in Japan and other Asian countries, with the
increase of Asian population in North America over
the past century, clinicians and neuroradiologists
inNorth America should also be aware of and famil-
iarize themselves with the clinical features and
image findings of this disease.
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